OBJECTIVES: The proportion of elderly patients undergoing isolated coronary artery bypass grafting (CABG) surgery has steadily increased. We have evaluated temporal trends in hospital outcomes of patients who were 75 years and older undergoing CABG (1990CABG ( -2010 at our institution.
INTRODUCTION
Over recent decades, there has been a demographic shift in patients undergoing coronary artery bypass graft (CABG) to older patients with greater comorbidities. A review of isolated CABG from the Society of Thoracic Surgeons' (STSs) database found increases in preoperative risk factors including age, diabetes, hypertension and chronic obstructive pulmonary disease (COPD) [1] . At the same time, surgical mortality has decreased and a greater number of patients experience symptomatic relief or survival benefit [2] [3] . This is likely a result of continuous refinements in preoperative, operative and postoperative management.
There exists clear evidence that the elderly benefit from surgical revascularization and have acceptable outcomes from CABG [4] [5] . Two randomized controlled trials have demonstrated a survival benefit for surgical revascularization versus optimal medical management in elderly patients with coronary artery disease [6, 7] . When comparing surgery with percutaneous coronary intervention (PCI), not surprisingly, surgery was associated with complications such as stroke and higher initial mortality (<6 months) but CABG was associated with improved mid-term survival, suggesting more definitive revascularization. A retrospective database study of 10 141 patients aged 85 or older who underwent PCI or CABG demonstrated that CABG was associated with significantly higher survival (66.0 versus 46.1%) and freedom from composite outcome [(death, revascularization, stroke and acute myocardial infarction (MI)] at 3 years [8] . A recent meta-analysis of 66 studies of revascularization in patients over 80 years found a pooled 30-day mortality of 6.3% and 5-year survival of 67% [9] . Randomized trials comparing survival and adverse events with CABG to PCI have favoured CABG at mid-term follow-up but the outcomes in the elderly as a subset have not been studied [10] .
Given that elderly patients have prognostic benefit with CABG if they survive the perioperative period, it is important to determine whether our recent surgical outcomes warrant continued consideration for surgery in this patient cohort. We have previously published trends in CABG in our elderly population demonstrating an increase in proportion and improvement in surgical mortality between 1982 and 1996 [11] and also from 1990 to 2005 [12] . This renewed analysis provides an update of our surgical outcomes with CABG over a 20-year period.
MATERIALS AND METHODS

Patient data
Clinical, operative and outcome data were collected prospectively for all consecutive patients who were 75 years and older who underwent isolated CABG between 1990 and 2010 (n = 3843) at the Toronto General Hospital (Toronto, Canada). Patients undergoing CABG with other concomitant procedures were excluded. This study was approved by our Institutional Research Ethics Board.
The primary outcome was hospital mortality, which was defined as any postoperative death during the index hospitalization. Regarding urgency of operation, semi-urgent indicates an operation during the same admission as a cardiac catheterization or a cardiac event, urgent indicates an operation within 72 h of an event and emergency indicates an operation within 12 h of an event. Low cardiac output syndrome (LCOS) refers to use of one or more inotropes for >30 min or the use of any mechanical support post-cardiopulmonary bypass (CPB) to maintain a systolic blood pressure >90 mmHg with a cardiac index >2.2 l/m/m 2 .
Anaesthetic and operative management
After median sternotomy and heparinization, CPB was established and pump flow rates were kept between 2.0 and 2.5 l/ min/m 2 , and mean arterial pressures between 50 and 60 mmHg. Under mild systemic hypothermia (34°C), cardiac arrest was induced and maintained using hyperkalaemic cardioplegia. Proximal and distal anastomoses were constructed during a single cross-clamp period. After separation from CPB, heparin was neutralized with protamine sulphate (1 mg/100 U of heparin). Less than 10% of patients underwent off-pump CABG.
Cardioplegia technique
For on-pump cases, the heart was arrested with warm, tepid or cold blood high potassium (27 mEq/l) blood cardioplegic solution followed by a low-potassium maintenance formulation (15 mEq/l). The direction of delivery was either antegrade, retrograde or both. The delivery method was intermittent, continuous or both. We have used diluted blood cardioplegia (4:1) since 1990. Between 1996 and 2000, less diluted blood cardioplegia (8:1) was used. Microplegia was introduced in our unit in 2001 along with the standard (8:1) cardioplegia and was used preferentially by some surgeons. Since 2004, we have shifted exclusively to microplegia where cold (4°C) undiluted blood supplemented with potassium and magnesium was utilized for myocardial protection (Quest MPS® microplegia system, Quest Medical, Inc., Allen, TX, USA).
During the timeframe of this study, there were multiple antifibrinolytics used, including epsilon-aminocaproic acid and tranexamic acid. A significant proportion of patients undergoing procedures at high risk for bleeding received aprotinin.
Statistical analysis
Statistical analyses were performed using SPSS 19 (IBM, Somers, NY, USA). To examine the effect of time on patient-risk profiles and outcomes, patients were divided into three cohorts according to the year of operation (1990-96, 1997-2003 and 2004-10) . Univariate analyses were performed with Chi-square (χ 2 ) or Fisher's exact test for categorical variables, analysis of variance (ANOVA) for normally distributed continuous variables and Kruskal-Wallis test for continuous variables with non-parametric distribution. Data are presented as medians with ranges or means with standard deviations. A value of P < 0.05 (two-sided) was considered to be statistically significant. Variables with a univariate P < 0.25 or those of known clinical importance were submitted to a stepwise multivariable logistic regression model to calculate factor-adjusted odds ratios. Model discrimination was evaluated by the area under the receiver-operator characteristic (ROC) curve, and calibration was assessed with the HosmerLemeshow goodness-of-fit statistic. The model was evaluated for collinearity using the variance inflation factor (VIF) where multicollinearity was positive if VIF >2.5. All VIF values in our model were <2.5.
RESULTS
Patient characteristics
A total of 3483 patients (≥75 years) underwent isolated CABG between 1990 and 2010. Baseline patient characteristics are listed in Table 1 . The mean age was 78.2 years (range 75-94 years) and 31.9% were female. The proportion of patients >80 years in our cohort increased from 20.4% in the earliest era to 35.0% in the most recent era (P < 0.001). The proportion of comorbidities generally increased. The percentage of patients with diabetes increased from 22.3 to 34.8% (P < 0.001), hypertension increased from 51.4 to 79.8% (P < 0.001) and COPD increased from 1.9 to 6.0% (P < 0.001).
From a cardiac point of view, preoperative MI increased from 21.8 to 26.9% (P < 0.03), left main disease increased from 26.7 to 41.7% (P < 0.001) as did unstable (P < 0.001) and stable angina (P < 0.001). However, between the first and last eras, there was a reduction in the number of patients with the left ventricular ejection fraction (LVEF) <60% (75.8 versus 51.6%, P < 0.001).
Perioperative and postoperative results
Intra-operative variables and postoperative in-hospital outcomes are shown in Table 2 . Comparing the first and last eras, there was a shift towards the use of antegrade cardioplegia (81.0 versus 97.8%, P < 0.001) delivered in an intermittent manner (73.7 versus 99.2%, P < 0.001). The number of bypass grafts decreased from 3.5 ± 0.9 (median 4) to 3.2 ± 0.8 (median 3; P < 0.001) but with increase in left internal mammary artery (LIMA) use from 63.4 to 88.6% (P < 0.001). The most common non-LIMA grafts were saphenous vein grafts. Adoption of off-pump CABG, increased from 0 to 8.0% in the first and last era, respectively (P < 0.001).
The overall in-hospital mortality was 3.4%. Importantly, the mortality significantly declined from 6.0% in 1990-96 to 1.9% in 2004-10 (P < 0.001). Similarly, the incidence of postoperative complications such as LCOS (P < 0.001), use of IABP (P < 0.001), postoperative MI (P < 0.03) and stroke (P < 0.04) also decreased.
In all, 5.2% of patients required sternal reopening after surgery which did not differ between the eras. The most common reasons for reopening were bleeding (3.1%), shock (0.5%) and tamponade (0.4%). The length of stay in hospital decreased (11.6 ± 12.3 to 9.3 ± 8.4 days, P < 0.05) with time. However, this may reflect early discharge to convalescence rather than a full recovery in our hospital.
Most notably, in a subgroup analysis for elderly patients (≥75 years) who underwent an elective, primary CABG with good LV function (LVEF >40%), the mortality declined dramatically from 5.9% (13/207) to 0.8% (4/510) to 0% (0/411) in the first (1990-96), second (1997) (1998) (1999) (2000) (2001) (2002) (2003) and third eras (2004-10), respectively (P < 0.001). The prevalence of stroke was 1.9% (4/202), 0.8% (3/ 372) and 0.5% (1/202) in the first, second and third eras, respectively (P = 0.29).
Predictors of hospital mortality
Analysis of the 3843 patients undergoing CABG during the entire 20-year period of the study using stepwise multivariable logistic regression showed the following factors to be independent predictors of hospital mortality: CHF, left main disease, earlier year of operation, reoperation, preoperative MI, CPB time, emergent/ urgent surgery and peripheral vascular disease (PVD) ( Table 3) . Earlier era of operation was associated with the most significant risk (OR: 3.0, CI: 1.8-5.2), followed by CPB time >100 min (OR: 2.4, CI: 1.6-3.5) and then CHF (OR: 2.3, CI: 1.4-3.4).
Unadjusted hospital mortality trends associated with traditional risk factors for mortality post-CABG are shown in Fig. 1 . Observed mortality declined with time in all high-risk groups, especially in patients with the LVEF <20% (19.0 versus 4.8%; 1990-96 versus 2004-2010 eras). The exception was a trend to higher mortality in the most recent cohort of patients requiring reoperative CABG (Fig. 1) .
DISCUSSION
In this report, we review our 20-year experience of CABG in an elderly population and demonstrate several important trends: (i) the proportion of elderly patients undergoing CABG continues to increase. This is consistent with previous reports from our group and others [11, 13, 14] . The proportion of patients over 70 years undergoing CABG increased from 10% between 1982 and 1986 to 25% between 1992 and 1996 [12] . More recently, we reported that the proportion of octogenarians undergoing CABG increased from 1% in 1990 to 6% in 2005 [13] . (ii) The commonly held assumption is that the risk profile of patients undergoing isolated CABG is worsening. While this is true overall, the prevalences of certain risk factors such as poor LV function, urgency of surgery and reoperation have all declined over time which likely reflects changes in referral patterns in favour of PCIs for elderly patients with these risk factors. However, we demonstrate lower contemporary mortality among such high-risk patients, particularly those with LV dysfunction (LVEF <20%) suggesting that these patients should be considered for surgical revascularization. (iii) Operatively, there was an increase in LIMA use, the proportion of cases performed off-pump and a small but significant decrease in the number of bypass grafts. (iv) Finally, our surgical mortality rate for CABG in the elderly has demonstrated interval improvement at <2% overall and 0% during the most recent era in a subset of elderly patients undergoing elective surgery with the LVEF >40%. This was accompanied by significant improvements in other clinical outcomes including decreases in postoperative incidence of LCOS, use of IABP, MI and stroke.
Our overall mortality rate during the 20-year experience was 3.4% and notably 1.9% during the era of 2004-10. This compares favourably with the published literature and our previously published results demonstrating a mortality improvement from 7% in the 1980s to 3.2% between 1999 and 2005 in a similar elderly cohort [12, 13] . In the literature, the mortality rate of CABG in the elderly has varied from 5 to 10% with a gradual trend in improvement each decade from the 1980s onwards [15, 16] . McKellar et al [9] performed a meta-analysis of CABG in octogenarians and reported a 30-day mortality rate of 7.3%. Most notably, in our subgroup analysis for low-risk elderly patients with elective, primary surgery with reasonable LV function (EF >40%), the mortality declined dramatically with time from 5.9% (13/207) in the first (1990-96) to 0% (0/411) in the most recent era . This is likely due to advancements and refinements of perioperative techniques and postoperative management. Continued improvement in surgical outcomes in the elderly would not be possible without optimal operative and perioperative management. Improved surgical techniques, such as a greater LIMA use and myocardial protection, have likely played major roles in the decrease in LCOS, surgical mortality and the need for reoperation. In the most recent era, for on-pump CABG cases, we almost exclusively utilized intermittent cold blood cardioplegia. Since 2004, undiluted blood cardioplegia (microplegia) was exclusively utilized for myocardial protection which has been shown to afford the benefit of reduced cardiac oedema after cardioplegic arrest [17] . This may have contributed to the lower prevalence of LCOS in the latest era of our study [18] . Off-pump CABG was used in <10% of our series and was not associated with any differences in mortality. Two recent meta-analyses of randomized clinical trials have not detected a difference in mortality, stroke or MI with off-pump CABG [19, 20] .
We found several independent predictors of hospital mortality including CHF, left main disease, earlier year of operation, reoperation, preoperative MI, CPB time, emergent/urgent surgery and PVD. Importantly, the era of surgery was the strongest predictor of mortality which reinforces the notion that improvements in patient management have had a significant effect on patient outcomes. The independent predictors of in-hospital 9.0 (7.0-12.0) 7.0 (6.0-10.0) 7.0 (6.0-9.0) <0.001 mortality in our elderly cohort are generally similar to those previously described [12, 13, 15, 21] . A single-centre study of 600 octogenarian patients undergoing a range of cardiac surgical procedures found overall actuarial 5-year survival of 63% (66% for CABG; 67% for AVR; 59% AVR + CABG; 57% MVR + CABG) with chronic pulmonary disease, stroke, preoperative IABP and CHF as predictors of mortality [15] . In another study of CABG, valve replacements and combined procedures, the major predictors of surgical mortality in a high-risk elderly population were NYHA class IV, CCS class 4 and cross-clamp time [21] . We did not find age >80 to be an independent risk factor for mortality in this study. This is, however, not to say that octogenarians do not have an overall higher risk compared with younger patients, rather we found that octogenarians do not have a significantly higher risk of death compared with other elderly patients who are 75 years and older. But this is surprising given that a retrospective study of 522 octogenarians undergoing cardiac surgery (CABG and valve procedures) found higher mortality, longer hospital stay, more neurological complications and higher reoperation for bleeding in elderly patients by multivariate analysis after controlling for known confounding variables [22] . Ngaage et al. [23] compared cardiac surgery outcomes in an elderly (>70 years) and young cohort to find that age was an independent risk factor for mortality (OR: 1.09; CI: 1.03-1.15, P = 0.002) in the elderly cohort but not in the young.
Elderly patients have greater complications post-CABG resulting in longer ICU and hospital stays compared with a younger cohort [24] . In our centre, the incidence of non-fatal complications was higher in the elderly compared with a non-elderly cohort over the same time period. However, the postoperative incidence of major complications such as LCOS, stroke and MI, all decreased significantly over time. Notably, the stroke rate in the subgroup analysis for low-risk elderly patients (0.5% in most recent era) is comparable with that seen post-PCI [25] . Furthermore, the elderly are also more likely to be discharged to a care facility other than home [15] . In one study, total direct costs of cardiac surgery in octogenarians associated with longer ICU and hospital stays as well as more frequent discharge to a nursing facility were associated with USD 4818 higher costs [24] . This comprises a significant burden on healthcare resources.
There are several limitations to this study. This was a singlecentre study whose experience may differ from other institutions. Despite the prospective nature of the data collection, this study remains a retrospective review and has all of the caveats of such a study. Furthermore, we focused on in-hospital outcomes and hospital mortality but did not address mid-to long-term outcomes. However, based on the published literature, elderly patients have been shown to have prognostic benefit from surgical revascularization if they survive to hospital discharge [8, 9] . Importantly, our study spans a 20-year period during which the medical and surgical management of cardiac patients has changed dramatically. Although we included known risk factors for mortality into a regression analysis, if two or more predictive variables both change over the time then era itself would be identified as the predictor. Also, we did not determine whether patients were discharged home or to a rehabilitation facility which may have influenced the duration of hospital stay.
CONCLUSION
From 1990 to 2010, we report low-operative mortality in elderly patients undergoing CABG, particularly in a low-risk subgroup of this cohort. Importantly, in our elderly cohort despite higher preoperative risk factors, the incidence of major complications and surgical mortality has decreased markedly over time. Earlier year of surgery was the strongest independent risk factor for mortality. Our data demonstrate that the elderly and those with major comorbidities can undergo surgical revascularization with an expectation of good outcome and CABG should continue to be considered in this population. in Cardiovascular Surgery Research. V.R. holds the Alfredo and Teresa DeGasperis Chair in Heart Failure Surgery.
